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Becnw Li Anteresed dS_a0 Energy Rotation: 


The Bernoulli relation, is 4 chee moment powell, Newton's lew for a 
frectanniees, moomperessible fluid te may also be interpreted, however, a4 an idealioed 
ewergy télation. The changes from | to 2 I reversible 

work, kanetic cha. aml polcetial energy © The fact that the tonal 
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heat wanefer, of shalt work. Section 4.7 will adit Giese effects by making « comme! 
volume unalywie of the Pint Law of Thermotynamics 


The Bernoulli equation is 5 momentum-bused force relation and was derived usang 
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for irvotational flere, the Hernoalli consant is the sume everywhere. 
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Figure 3.13 itentes some penctical limitations os the we of Gersoulli's equation 
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blade edges Alwo, the Bernoull constants are higher im the flowing “wlipetream” than 
ot the umbweet utamnphery becwuve of the slapsiream hinctic every 
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Jet Exit Pressure Equals Atmos phecit Pressure: 


Whee « subsonic jt of liquid or gas exits from a duct into the free atmosphere, it 
mmediutely takes on the pressure of (hut atmoaphere. This is a very important band. 


ary condition in solving Bernoull problems, since the pressure at that point is known. 
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surface tension and streamline curvature. 
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Before proceeding with more examples, we should note carefully that a solution 
by Bernoulli's equation (3.54) does mor require a second control volume analynis, only 
a selection of two points 1 and 2 along a given streamline. The control volume was 
used to derive the differential reletion (3.52), but the integrated form (3.54) is valid 
all along the streamline for frictionless flow with no heat transfer or shaft work, and 
a control volume is not necessary. 

A classical Bernoulli application is the familiar process of siphoning a fluid from 
one container to unother. No pump is involved; a hydrostatic pressure difference pro- 
vides the motive force. We analyze this in the following cxanple. 
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A constriction in a pipe will cause the velocity to rise and the pressure to fall at section 2 
im the throat. The pressure difference is a measure of the flow rate through the pipe. The 
smovdily necked-down syvem shown in Fig £3.15 is called 2 venturi tube. Find an expres: 
sion for the mass Mux im the tube asa functhon if the pressure change 
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Notice from these examples that the solution of a typical problem involving 
; abwst icads to a consideration of the 
as a equal partner in the analysis, The only exception ts when the complete velocity 
Gistribetion is slvendy known from # previous or given analysis, but thet means the 
continuity relution has already been used to obtain the given information. The point is 
that the continuity relation ts always an important element in a flow analysis, 
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Kinetic Enecgy Correction Factor: 


Often the flow cencring of leaving 2 por is mot sivictly one-dimensional. is particu. 
lar, the velocity may vary over the cross section, as im Fig. B44, im thes case the 
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The term «@ & the kinetic energy correction factor, having 2 valee of about 2.0 for 
fully developed laminar pipe flow and from 144 to 1.11 for rurbuleet pipe Bow. The 
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noting in qs (4.38) that w = 0) However, the pressure is velocity-dependent in the xy plane. 
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sobution of the Navier-Stokes equations. 


* Solution sep J: To tind the pressure, integrate Eqs. (1), coflect, and compare. Stari with 
dyvax. The procedare requires care! integrate purtially with respect w +, holding »y and ¢ 
constant: 


p= [%a,. = | -20'me +i de\. = 2 * +E) + y00 @ 


Note that the “constant” of integration /, is a function of the variables that were sot ime- 
gratcd. Now differentiate By. (2) with respect te y and compare with ap/iy from Bg. (1h 


MB Nig = Bal ey + = 2B = —aarpar'y + 9) 
Compare: Ui = apy? or f= [Bap = -2ep% + fue 
Collect terma: So far pa wo r+ t) + sus 3) 


This time the “comstant” of integration /; is a function of 2 only (the variable not imic- 
grated). Now differentiate Eq, (3) with respect te 2 and compare with apfie from Eg. (1y: 


oP y= Ely = ~ on oe fpr + C (4) 
where C is a constant, This completes our three integrations. Combine Eqs (3) and (4) to 
obtain the full expression for the pressure distribubos im this flow: 

pix, yz) > —pge — fapix’ + y' + Oty) = € Anx, (5) 


This is the desirmd solution. Do you recognize i? Not unless you go buck to the hegia- 
ning end equare the velocity components: 


Cee ewe Vw ait + y+ 2) (6) 
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* Comment: This is Bernoulli's equation (3.54), That is oo accident, because the velocity 
distribution given in this problem is one of a family of flows that are solutions to the 
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in the flow field. They arc called irrututional Awe for which curl V ~ ¥ x V © 0. This 
subject is discussed again in Sec. 4.9, 
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Note that we tave substituted the equality (~adp/dr) « Ap/l, where Ap is the pres 
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Nese alee that the formulas do eot depend on dessity, the reasem being that the con- 
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(d) the power requared. 
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velocity vector 
bertacdty wee tier i Tx V ~ cml) 
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* ff the vorticity at a point in a flow field is 
nonzero, the fluid particle that happens to 
occupy that point in space is rotating; the flow in 
that region is called rotational. 

* Likewise, if the vorticity in a region of the flow is 
zero (or negligibly small), fluid particles there are 
not rotating; the Now in that region is called 
rotational, 


* Physically, fluid particles in a rotational region of 


tlow rotate end over end as they move along in 
flow. 
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For a two-dimensional flow in the xy-plane, the vorticity vector always 


points in the z-direction. in this illustration, the 


particle rotates in the counterclockwise direction as it moves in the 
xy-plane; its vorticity points in the positive z-direction as shown. 


